Observational studies suggest that diet is linked to cognitive health. However, the duration of follow-up in many studies is not sufficient to take into account the long preclinical phase of dementia, and the evidence from interventional studies is not conclusive.
T he number of dementia cases (estimated at 47 million in 2015) is expected to triple during the next 30 years. 1 In the absence of a cure, prevention is crucial and modifiable exposures during midlife are increasingly emphasized in guidelines for the prevention of dementia. 2 The role of specific nutrients in brain function, 3 and the fact that diet is potentially modifiable, has led to research on the association between dietary factors and cognitive aging. Numerous studies have examined cognitive outcomes in relation to a single nutrient or food item. However, there are conceptual and methodological limitations to these studies. Nutrient interactions may be complex; the independent effect of each nutrient or food is difficult to assess; and because the causes of dementia are multifactorial, the association with a single food or nutrient may be too small to be detected reliably. 4 Therefore, research increasingly focuses on an overall diet approach. 5 Several studies have reported an association between overall diet and cognitive decline, 6 brain imaging biomarkers, 7, 8 and dementia risk.
9
Despite several systematic reviews and meta-analyses of observational studies during recent years, 6 ,9 no firm conclusions can be drawn. Interventional studies on diet modification, supplementation, or both, have not shown an effect, [10] [11] [12] [13] with 1 exception. 14 Most previous studies on diet and dementia had a short follow-up (typically <10 years) and reverse causation may bias the results because dietary behavior and nutrient intake may be altered during the long preclinical period of dementia.
15
This study examined the association between midlife diet quality using the Alternative Healthy Eating Index (AHEI) and dietary patterns and subsequent incidence rates for dementia and cognitive decline.
Methods

Population
The protocol of the Whitehall II study was approved by the joint University College London and University College London Hospitals committee on the ethics of human research and was renewed at each contact period. Participants provided written informed consent at each contact in this ongoing prospective cohort study established in 1985-1988 among 10 308 civil servants (6895 men and 3413 women). 16 All persons aged 35 to 55 years working in 20 Londonbased departments were invited to participate by letter and 73% agreed. Since baseline, follow-up clinical examinations have taken place approximately every 5 years during 1991-1993, 1997-1999, 2002-2004, 2007-2009, 2012-2013, and 2015-2016 (Figure 1 ).
Figure 1. Flowchart of Sample Selection for Whitehall II Study
sweets, high-fat dairy products, and refined grains (eTable 3 in the Supplement). Each participant received a score for both these patterns (range, −2.6 to 12.7 for the healthy food dietary pattern and −2.7 to 7.3 for the Western-type dietary pattern) based on his or her food intake. Higher scores indicate higher food intake of the particular dietary pattern.
Outcomes
The primary outcome was incident dementia and the secondary outcome was cognitive decline between 1997-1999 and 2015-2016.
Primary Outcome of Dementia
Dementia cases were identified using International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, codes F00, F01, F02, F03, F05.1, G30, and G31.0. The National Health Service in the United Kingdom (England, Scotland, and Wales) provides most of the health care, including outpatient and inpatient care. Private medical insurance, which is held by around 11% of the UK population (according to 2014 data), 21 is mainly used for elective surgery rather than for chronic conditions such as dementia. Electronic health record linkage was undertaken using the unique National Health Service identification numbers given to each resident in the United Kingdom. The cases of dementia were ascertained via linkage to 3 electronic health record databases: the national Hospital Episode Statistics, the Mental Health Services Data Set, and the National Health Service Central Register (the British national mortality register). The date of incident dementia was set as the first record of dementia in any of the 3 databases.
Electronic health record linkage for every year of follow-up was available for all participants until March 31, 2017 (or date of death for those who died before this date). The sensitivity for dementia is 78.0% and the specificity is 92.0% for the Hospital Episode Statistics database. 22 The Mental Health Services Data Set contains information on use of mental health services in hospitals, outpatient clinics, and in the community.
Secondary Outcome of Cognitive Function
A cognitive test battery was introduced to the study in 1997-1999 and repeated using the same tests at all subsequent assessments, allowing an analysis of cognitive function using 5 waves of data between 1997-1999 (age of participants was 45-69 years) and 2015-2016 (age of participants was 63-86 years).
Memory was assessed using a 20-word free recall test (range of possible values, 0-20). Participants were presented a list of 1 or 2 syllable words at 2-second intervals and were then asked to recall in writing as many of the words as possible in any order within 2 minutes. Executive function was assessed with the Alice Heim 4-I test, which is composed of a series of 65 verbal and mathematical reasoning items of increasing difficulty (score range, 0-65). 23 It tests inductive reasoning by measuring the ability to identify patterns and infer principles and rules. Participants had 10 minutes to take the test. Fluency was assessed using phonemic (score range, 0-35) and semantic (score range, 0-35) fluency tests. 24 Participants were asked to recall in writing as many words beginning with "s" (phonemic fluency) and as many animal names (semantic fluency) as they could. One minute was allowed for each test.
The tests have good test-retest reliability (score range, 0.6-0.9) and were assessed in 556 participants and retested within 3 months during 1997-1999. A global cognitive score was created by first standardizing the raw scores for each cognitive domain (memory, executive function, and fluency) to z scores using a mean and standard deviation from the 1997-1999 wave to allow cognitive change from this time point to be estimated. These z scores were summed and restandardized to yield the global score (score range over the 5 assessments, −4.6 to 3.3). This approach minimizes measurement error in individual tests. 25 None of these cognitive tests have recognized minimal clinically important differences.
Covariates
Sociodemographic factors consisted of age, sex, marital status, occupational position, and education level. Race/ethnicity also was included in the analyses to account for the influence of sociocultural factors on dietary habits and its association with dementia risk. It was self-reported through predefined categories and analyzed as a binary variable using the categories of white vs nonwhite (South Asian, black, or other) to allow sufficient numbers in each group. Total energy intake was derived from the FFQ.
Health behavioral factors consisted of smoking status, alcohol consumption, and hours of moderate to vigorous physical activity per week. Health factors included hypertension, dyslipidemia, type 2 diabetes, body mass index, coronary heart disease or stroke, taking medications for cardiovascular disease, depressive symptoms, and apolipoprotein E ε4 genotype. Details on the assessment and categorization of covariates appear in the eMethods in the Supplement.
Statistical Analysis
All analyses were exploratory. The sensitivity analyses were performed post hoc and only undertaken for the primary outcome of dementia. Analyses on the association between diet and cognitive decline (secondary outcome) aimed to assess the similarity in the associations between dementia and cognitive decline.
The dietary quality scores assessed by the AHEI (primary exposure) and the dietary pattern scores (secondary exposure) were grouped into tertiles to allow sufficient numbers of dementia cases in each category. The tertiles also were modeled as continuous variables and 3 categories were used (estimations for a 1-SD [10-point] increment in the AHEI score, a 1-SD increment in the healthy food dietary pattern, and a 1-SD decrement in the Western-type dietary pattern) so that all estimates corresponded with associations of better diet quality. Three sets of analyses were undertaken and are described below.
Association Between Diet and Incidence Rate for Dementia
Cox proportional hazard models with age as the timescale were used to examine associations between diet and risk for incident dementia. Participants were censored at the recorded date of dementia, death (to account for the competing risk of mortality), or March 31, 2017, whichever came first. These analyses were undertaken using scores on diet (AHEI and dietary patterns) and covariates from 1991-1993, 1997-1999, and 2002-2004 in 3 separate analyses.
The proportional hazards assumption test was verified using the Schoenfeld residuals test. The association between mean AHEI (from 3 assessments) and incidence of dementia also was examined with follow-up for dementia starting in 2002-2004 in these analyses. All analyses were first adjusted for age, sex, race/ethnicity, and total energy intake, then for sociodemographic and behavioral factors, and then for health covariates. Among participants with data on apolipoprotein E ε4 genotype, an additional adjustment for this covariate was undertaken.
Trajectories of AHEI Before Dementia Diagnosis Linear mixed-effect models 26 with random intercept and slope were used to examine trajectories of AHEI from 1991-1993 to 2002-2004 among participants who developed dementia subsequent to the last measure of AHEI compared with those who were free of dementia at the end of follow-up (March 2017 or date of death). Dietary scores were the dependent variable in these analyses. The models used all available data during follow-up, handled differences in length of follow-up, and took into account the fact that repeated measures on the same individual are correlated. The model included time since 1991-1993, time squared, age during 1991-1993 (centered on a mean age of 50 years), sex, race/ethnicity, incident dementia (coded as 1 for cases and 0 for all others), time since 1991-1993, time squared, and their interactions with slope terms (time and time squared). Estimation of the differences in AHEI scores between incident dementia cases and noncases for each year during follow-up was undertaken using the MARGINS command in Stata version 15.1 (StataCorp).
Association Between Diet and Subsequent Cognitive Decline
Linear mixed-effect models with intercept and slope fitted as random effects were used to examine the association among diet assessed in 1991-1993, cognitive function in 1997-1999, and subsequent 18-year cognitive decline. The basic model included the following terms: time since 1997-1999, time squared, age in 1991-1993 (centered on a mean age of 50 years), sex, race/ethnicity, total energy intake, the dietary exposure of interest, their interactions with time, and the age × time squared interaction to account for accelerated cognitive decline at older ages.
A dietary score × time interaction term was used to test the differences in cognitive decline according to tertiles of dietary exposures. The analyses were further adjusted for sociodemographic, health behavioral, and health factors and their interactions with time.
Sensitivity Analyses
Six post hoc sensitivity analyses were undertaken to assess the robustness of the findings. There was an analysis using the model by Fine and Gray, which is an alternative method to account for competing risk of death. Another analysis classified cases of dementia by 2 categories (participants with vs without cardiovascular disease history) to assess similarities in associations with diet. There was another analysis that used inverse probability weighting to account for the influence of missing data. In another analysis, the number of dementia cases was augmented by including persons with poor cognitive performance (SD <−2 or Mini-Mental State Examination score <18) as possible dementia cases to improve statistical power. There was an analysis of the association between diet and mortality to ensure validity of the dietary exposures. In the final analysis, the Mediterranean diet score was used; however, following the Mediterranean diet is not common in this UK population. Further details appear in the eMethods in the Supplement.
Apart from the factor analysis for the derivation of dietary patterns, all analyses were undertaken using Stata version 15.1 (StataCorp). Two-sided P values were used with an α level of .05 for statistical significance. There was no adjustment for multiple comparisons; therefore, the analyses should be interpreted as exploratory.
Results
Of the 10 308 dementia-free participants at study recruitment in 1985-1988, 77 died before 1991-1993, 1416 did not participate in the 1991-1993 clinical examination, 581 had missing data on the FFQ, and 9 had missing data on covariates, leading to a study population of 8225 participants for the baseline follow-up analyses in 1991-1993 ( Figure 1) .
The comparison between participants included and those excluded from the analyses appears in eTable 4 in the Supplement. The mean age was 50.2 years (SD, 6.1 years; range, 41-60 years) for the participants included in the analyses for dietary exposure from 1991-1993; 5686 (69.1%) were men.
For exposures during 1997-1999, the mean age was 55.9 years (SD, 6.1 years) for the 5242 dementia-free participants included in the analyses. A median follow-up of 24.8 years (interquartile range [IQR], 24.2-25.1 years; range, 0.1-25.6 years) from the 1991-1993 dietary assessment yielded a total of 344 cases of incident dementia. The mean age at dementia diagnosis was 75.6 years (SD, 5.6 years).
Cases of dementia accrued between 1995 and 2017 and 75.9% of the dementia cases were recorded between 2010 and 2017. Characteristics of the study population at the baseline follow-up during 1991-1993 according to tertiles of AHEI score and dementia status appear in Table 1 .
Association Between Diet and Incidence Rate for Dementia
There was no evidence of a significant effect modification by sex and age (all P > .17 for interaction); therefore, the analyses were undertaken without stratification. No significant difference in the incidence rate for dementia was observed by tertiles of AHEI-assessed dietary exposure during 1991-1993 (median follow-up, 24. Table 2) .
During 1991-1993, the incidence rate for dementia among participants in the worst tertile of AHEI (range, 22.0 to 48.0 points) was 1.76 (95% CI, 1.47 to 2.12) per 1000 person-years; among participants in the intermediate tertile of AHEI (range, 48.5 to 57.0 points), the rate was 1.80 (95% CI, 1.50 to 2.15) per 1000 person-years; and among participants in the best tertile of AHEI (range, 57.5 to 91.0 points), the rate was 1.81 a Includes 11 components and each component is scored from 0 (worst) to 10 (best), leading to a total score that ranges from 0 (worst score) to 110 (best score), with higher scores representing a healthier diet. In 1991-1993, the mean score was 52.7 points and corresponds to a typical diet with mean intakes of 3 servings of vegetables, 2 servings of fruits, and 1.5 (for women) and 2 (for men) servings of whole grains per day, a mean intake of 2.5 g of sodium per day, 210 mg of omega-3 polyunsaturated fatty acids, and intakes of trans fat and polyunsaturated fatty acids (excluding omega-3 polyunsaturated fatty acids) corresponding to 0.4% and 5.1%, respectively, of total energy intake. The score also included per-week consumption of the following: a mean of 1.5 servings of legumes or nuts, 5 servings of red and processed meat, 4.5 glasses of soda or fruit juice, and 11 glasses (for women) and 16 glasses (for men) of alcohol. Scoring criteria and distribution appear in eTable 1 in the Supplement.
b End of follow-up or date of death.
c Categories to choose from only included white, South Asian, black, and other (the other category was not further defined).
d Defined as 1 to 13.9 U per week for women and 1 to 20.9 U per week for men.
e Calculated as weight in kilograms divided by height in meters squared.
f Includes antiplatelets, diuretics, antihypertensives, lipid-lowering agents, anticoagulants, and β-blockers.
g Defined based on the 4-item depression subscale of the General Health Questionnaire (total score Ն4 of 12 points) or self-reported use of antidepressants. During 1997-1999, the incidence rate for dementia among participants in the worst tertile of AHEI (range, 21.0 to 49.5 points) was 2.06 (95% CI, 1.62 to 2.61) per 1000 person-years; among participants in the intermediate tertile of AHEI (range, 50.0 to 58.0 points), the rate was 2.20 (95% CI, 1.73 to 2.79) per 1000 person-years; and among participants in the best tertile of AHEI (range, 58.5 to 92.0 points), the rate was 2.19 (95% CI, 1.73 to 2.77). Compared with participants in the worst AHEI tertile, the absolute rate difference for participants in the intermediate AHEI tertile was 0.14 (95% CI, −0.58 to 0.86) per 1000 person-years and for participants in the best AHEI tertile was 0.14 (95% CI, −0.58 to 0.85) per 1000 person-years. In the multivariable analyses, AHEI assessed during 1991-1993 and 1997-1999 was not significantly associated with subsequent dementia risk regardless of the level of adjustment for covariates (Table 2) .
During 2002-2004, the incidence rate for dementia among those in the worst tertile of AHEI (range, 19.5-49.5 points) was 3.12 (95% CI, 2.49-3.92) per 1000 person-years; among participants in the intermediate tertile of AHEI (range, 50.0-58.5 points), the rate was 2.51 (95% CI, 1.95-3.23) per 1000 personyears; and among participants in the best AHEI tertile (range, 59.0-94.0 points), the rate was 2.40 (95% CI, 1.84-3.11). Compared with participants in the worst AHEI tertile, the absolute rate difference for participants in the intermediate AHEI Additional adjustment for apolipoprotein E ε4 genotype showed similar findings (eTable 6 in the Supplement). Analyses with mean AHEI-assessed dietary exposure (1991-1993, 1997-1999, and 2002-2004) showed no significant association with incidence rate for dementia (eTable 7 in the Supplement). In the analyses adjusted for sociodemographic factors, health behavioral factors, and health factors, no significant association was found between dietary patterns and subsequent risk for dementia ( Table 2) . 
Trajectories of AHEI Score Prior to Dementia Diagnosis
Association Between Diet and Subsequent Cognitive Decline
The analyses were undertaken on 6961 participants with cognitive data ( Figure 1 ). The estimated mean global cognitive z scores in 1997-1999 and 18 years later by tertiles of AHEI and dietary patterns during 1991-1993 appear in eTable 8 in the Supplement. The AHEI tertiles and dietary patterns during 1991-1993 were not associated with global cognitive z scores during 1997-1999 in the fully adjusted models ( Table 3) .
The mean 18-year decline in the global cognitive z score was −0.74 (95% CI, −0.76 to −0.73) of the baseline standard deviation. There were no significant associations of cognitive decline with AHEI score (P = .23 for interaction with time) or with the Westerntype dietary pattern (P = .62 for interaction with time).
A higher score for the healthy food dietary pattern was associated with a greater cognitive decline (difference in 18-year cognitive decline between 1997-1999 and 2015-2016 per 1-SD increment, −0.03 [95% CI, −0.05 to −0.01]; P = .007 for interaction with time). Further analyses using the dietary indices assessed during 1997-1999 confirmed the lack of significant associations with cognitive performance and cognitive decline (eTable 9 in the Supplement).
Post Hoc Sensitivity Analyses
The analyses using the model by Fine and Gray to account for competing risk of mortality showed similar findings as the main analysis (eTable 10 in the Supplement). There were no significant associations among AHEI score and the healthy food and When the definition of dementia included possible cases, there were 785 cases among 8225 participants. In the fully adjusted models, there was no significant association among AHEI score, either of the 2 dietary patterns, and subsequent risk for dementia using this definition (eTable 13 in the Supplement). Better AHEI scores were consistently associated with lower risk for mortality irrespective of the length of follow-up (eTable 14 in the Supplement). The Mediterranean diet score was not significantly associated with the incidence rate for dementia (eTable 15 in the Supplement).
Discussion
Midlife dietary quality assessed by the AHEI score and factor analysis-derived dietary patterns was not significantly associated with subsequent risk for dementia over a median 24.8-year follow-up or with 18-year cognitive decline. This finding was supported in the analyses with repeat assessments for diet to attenuate measurement error and account for longterm dietary exposure.
Most studies on the association between diet and cognitive outcomes are based on older populations (aged ≥65 years) for which overall quality was assessed primarily using a priori dietary indices rather than a posteriori dietary patterns. Irrespective of the method used to assess overall diet, 27 the findings are inconsistent. Slower cognitive decline and reduced risk for dementia have been found with adherence to the recommended food score, 6 One of the studies with follow-up longer than 10 years included 3831 participants (mean age of 74 years at dietary assessment) and showed the DASH and the Mediterranean diet scores to be associated with better cognitive performance on the modified Mini-Mental State Examination. 37 In this study, 37 differences in cognitive performance were maintained but not modified over the 11-year follow-up; however, the authors concluded that their study could not assess the direction of the association between diet and cognitive decline. All of the other studies did not find an association with cognitive outcomes; these studies were based on scores for the Mediterranean diet, Results from the present study are in accordance with the absence of a significant association among diet, subsequent dementia risk, and cognitive decline when the follow-up period is longer than 15 years. In this study, the association was not statistically significant when the AHEI score was assessed during late midlife and the median follow-up was less than 15 years. The present study suggested a slight decrease in diet quality in the years preceding dementia diagnosis, which a Estimated using linear mixed-effect models.
b The estimates for cognitive performance correspond to the beta coefficient of the diet variable at the intercept. A global cognitive score was created by first standardizing the raw scores for each cognitive domain (memory, executive function, and fluency) to z scores using a mean and standard deviation from the 1997-1999 wave of data collection to allow cognitive change from this time point to be estimated. These z scores were summed and restandardized to yield the global score (score range over the 5 assessments, −4.6 to 3.3).
c The estimates for cognitive decline correspond to the coefficient of the diet variable × time interaction (rescaled to reflect cognitive decline over 18 years). e Additionally adjusted for smoking status, physical activity level, alcohol consumption (apart from when AHEI score is the exposure because alcohol is one of the components of AHEI score), and their interactions with time.
f Additionally adjusted for hypertension, type 2 diabetes, body mass index, dyslipidemia, depressive symptoms, coronary heart disease or stroke, use of any cardiovascular disease medication, and their interactions with time.
g Worst (lowest) tertile reflects poor adherence and best (highest) tertile reflects a healthier diet.
h Best (highest) tertile reflects greater intake of vegetables, fruits, and fish (range, −2.6 to 12.7 points over the 3 assessments).
i Worst (highest) tertile indicates greater intake of fried food, processed and red meat, pies, chocolate and sweets, high-fat dairy products, and refined grains (range, −2.7 to 7.3 points over the 3 assessments).
Research Original Investigation
Association jama.com the hypothesis that change in diet quality is a feature (among others) of preclinical dementia. This observation of a possible signal could be explored in further studies. The comprehensive approach of the present study in terms of assessment of exposures and outcomes using longitudinal data constitutes a major strength. The repeated dietary assessment starting during midlife using a validated FFQ over 11 years combined with the assessment of dementia and cognitive decline over 2 decades allowed examination of the longterm association between diet and cognitive outcomes.
The lack of a significant association between early midlife diet and cognitive outcomes is unlikely to be due to poor measures of diet quality because diet was associated with mortality in the present study. Whether a healthy diet plays a role in shaping cognitive outcomes in combination with other healthy behaviors or in subgroups at increased risk for dementia remains unclear.
Limitations
This study has several limitations. First, ascertainment of dementia using linkage to electronic health records likely misses milder cases 22 ; however, this type of ascertainment has the advantage of allowing the analyses to include all persons recruited to the study rather than only those who continue participating in cognitive assessments for dementia at follow-up visits. Second, dietary intake was measured using an FFQ, a commonly used method in population studies, which is open to measurement errors that are common in all self-reported dietary assessments to date. 4 Third, the primary exposure, the AHEI, is based on a set of specific and limited food groups and might not cover all aspects of a healthy diet and may not be adapted to the dietary habits of all populations. However, the results were similar when using the Mediterranean diet index and factor analysisderived dietary patterns.
Fourth, as with all observational studies, it was not possible to rule out residual confounding.
Conclusions
In this long-term prospective cohort study, diet quality assessed during midlife was not significantly associated with subsequent risk for dementia. Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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Food Frequency Questionnaire (FFQ) Data Derivation Procedures
A unit or portion size for each food was specified, and participants were asked how often, on average, they had consumed that amount of food during the previous year. Response to all items was on a 9-point scale, ranging from 'never or less than once per month' to 'six or more times per day'. The selected frequency for each food item was converted to daily intake. Nutrient intake was calculated by multiplying the consumption frequency for each food by its nutrient content (for specified portions), and then nutrient intake from all foods were summed to ascertain total energy intake per day. Nutrient values were calculated using a computerized system developed for the dietary data of this study. The validity and reliability of this version of the FFQ in terms of nutrient and food consumption has been documented in detail both in this cohort and in another independent study in the United Kingdom.
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Assessment and Categorization of Covariates
Socio-demographic factors considered included age, sex, race/ethnicity (self-reported through predefined categories and analyzed as a binary variable -white versus non-white (South Asian, Black and other ethnic groups)), marital status (married/cohabiting versus others), socioeconomic status using occupational position (three categories: high, intermediate, and low representing income and status at work; in retired participants it was the occupational position at retirement), and education (five categories: less than primary school (up to age 11), lower secondary school (up to age 16), higher secondary school (up to age 18), university, and higher university degree). Total energy intake (kcal/day) was estimated from the FFQ. Health behaviors included cigarette smoking status (categorized as current, ex-, and never smokers), alcohol consumption (number of alcoholic drinks consumed in the previous seven days, converted to units of alcohol consumed per week and categorized as "no/occasional alcohol consumption", "moderate alcohol consumption" (1-13.9 units/week in women, 1-20.9 units/week in men), and "heavy alcohol consumption" (≥14 units/week in women, ≥21 units/week in men)), and hours of moderate to vigorous physical activity per week.
Health related covariates included hypertension (systolic/diastolic blood pressure 140/90 mmHg or use of antihypertensive medication), dyslipidemia (total cholesterol ≥200 mg/dL or use of lipid lowering medication), type 2 diabetes (fasting glucose ≥7.0 mmol/L, reported doctor-diagnosed diabetes, or use of diabetes medication), body mass index (BMI; classified as: <20kg/m², 20-24.9kg/m², 25-29.9kg/m², ≥30kg/m²) all assessed at the clinical examination, cardiovascular disease (CVD; including coronary heart disease and stroke; identified using linkage to national hospital records), self-reported use of CVD medication (anti-platelets, diuretics, anti-hypertensive medication, lipid-lowering medication, anti-coagulants, and beta-blockers), and depressive symptoms (based on the four-item depression subscale of the General Health Questionnaire 3 (total score≥4 out of 12 points) or antidepressants use). Apolipoprotein E (APOE) haplotypes were assessed among 5304 participants of the 8225 included in the present study. Participants were classified as APOE 4 non-carriers and APOE 4 carriers for those with at least one 4 allele.
Description of Sensitivity Analyses
Six sensitivity post-hoc analyses were undertaken to test the robustness of our findings.
Competing Risk of Death
The main analyses take into account the competing risk of mortality using cause-specific hazard models where persons who experience a competing event are censored at the time of the occurrence of the competing event, as recommended when the interest is in disease etiology. 4 In sensitivity analyses, we used Fine and Gray subdistribution hazard models 5 for competing-risk data which take an alternative approach to handling competing risk and is recommended when the interest is in developing clinical prediction models. 4 2. Dementia With or Without History of CVD Data on type of dementia were incomplete in the electronic health records, not allowing us to test the diet -dementia association according to subtypes of dementia, such as Alzheimer's disease. However, as complete history of CVD in our participants was available over the follow-up, we categorized dementia cases into dementia with and without a history of CVD (myocardial infarction or stroke). For each of these outcomes (the other being censored in the analysis at age of dementia diagnosis), we used Cox regression to examine associations with the dietary exposures.
Accounting for Missing Data
We used Inverse Probability Weighting (IPW) to ensure that the results were not influenced by missing data. We first estimated the probability of being included in the analytical sample (no missing data) using the following covariates in logistic regression: sociodemographic variables (age, sex, race/ethnicity, education, occupational position and marital status), health behaviors (smoking status, alcohol consumption, physical activity, and AHEI score), total energy intake, cardiometabolic risk factors (BMI, systolic and diastolic blood pressure, and cholesterol), depressive symptoms and chronic conditions (coronary heart disease, stroke, diabetes, chronic obstructive pulmonary disease, cancer), and dementia status over the follow-up, including interaction between dementia status and AHEI score. The inverse of these probabilities was used as weights in reanalysis using Cox regression models.
Both IPW and multiple imputation methods assume data to be missing at random. They yield similar results as demonstrated in the ARIC study that showed education to be similarly associated with cognitive decline whether missing data were accounted for using multiple imputation or IPW. 6 We chose to use IPW as we were able to specify the missing data process well due to availability of data on the AHEI score, and on socio-demographic and behavioral factors in 1991-1993, and health conditions over the entire follow-up ascertained via linkage to electronic health records. We chose not to use multiple imputation as it would have also imputed the primary exposure and artificially inflated the statistical power in the analyses.
Alternative Definition of Dementia
As dementia was ascertained from linkage to electronic health records it is likely to miss milder cases. In order to assess the robustness of our findings we used an alternative definition of "possible" dementia which also included cases defined by poor cognitive performance (<18 on the Mini Mental State Examination (MMSE) score or global cognitive scores <-2 standard deviations below the mean) using cognitive data from the1997-1999, 2002-2004, 2007-2009, 2012-2013 , and 2015-2016 assessments. First record of "possible" dementia in any of these sources was set as the date of dementia for the Cox regression. Those free of "possible" dementia were censored at death or 31 st of March 2017, whichever came first.
Association Between Dietary Exposures and Risk of Mortality
Diet has been shown to be associated with risk of mortality. In order to assess whether measures of diet quality and dietary patterns in this study were similarly associated with mortality, we examined the association between diet indices in 1991-1993, 1997-1999, and 2002-2004 and incidence mortality using Cox regression with data censored at date of death or end of follow-up (March 31 st 2017) whichever came first.
6. Association Between the Mediterranean-Type Diet (Med-Diet) and Risk of Dementia Finally, as the Mediterranean-type diet has been widely examined in relation to cognitive outcomes, 7 although not very common in the UK, we repeated the diet-dementia analyses by considering adherence to the Mediterranean diet according to the score (range, 0-9) proposed by Trichopoulou et al. 8 based on 9 components (vegetables, legumes, fruits and nuts, cereals, fish and seafood, meat and meat products, dairy products, moderate alcohol intake, and the ratio of monounsaturated fatty acids to saturated fatty acids). One point was assigned to persons whose consumption was at or above the sex-specific median of six components (vegetables, fruits/nuts, legumes, fish/seafood, cereals, and monounsaturated to saturated lipid ratio). For meat/meat products and dairy products 1 point was assigned when consumption was below the median value of these two components. For ethanol, one point was assigned only for moderate amounts of intake (5-25 g/day for women or 10-50 g/day for men). 5 (IQR, 13.1 14.0) 5 (IQR, 13.0-14.0) 
